Rapidly permineralized fossils can provide exceptional insights into the evolution of life over geological time. Here, we present an exquisitely preserved, calcified stem of a royal fern (Osmundaceae) from Early Jurassic lahar deposits of Sweden in which authigenic mineral precipitation from hydrothermal brines occurred so rapidly that it preserved cytoplasm, cytosol granules, nuclei, and even chromosomes in various stages of cell division. Morphometric parameters of interphase nuclei match those of extant Osmundaceae, indicating that the genome size of these reputed "living fossils" has remained unchanged over at least 180 million years-a paramount example of evolutionary stasis. R oyal ferns (Osmundaceae) are a basal group of leptosporangiate ferns that have undergone little morphological and anatomical change since Mesozoic times (1-6). Well-preserved fossil plants from 220-millionyear-old rocks already exhibit the distinctive architecture of the extant interrupted fern (Osmunda claytoniana) (2), and many permineralized osmundaceous rhizomes from the Mesozoic are practically indistinguishable from those of modern genera (3) (4) (5) or species (6) . Furthermore, with the exception of one natural polyploid hybrid (7), all extant Osmundaceae have an invariant and unusually low chromosome count (7, 8) , suggesting that the genome structure of these ferns may have remained unchanged over long periods of geologic time (8) . To date, evidence for evolutionary conservatism in fern genomes has been exclusively based on studies of extant plants (9, 10) . Here, we present direct paleontological evidence for long-term genomic stasis in this family in the form of a calcified osmundaceous rhizome from the Lower Jurassic of Sweden with pristinely preserved cellular contents, including nuclei and chromosomes.
The specimen was collected from mafic volcaniclastic rocks [informally named the "Djupadal formation" (11)] at Korsaröd near Höör, Scania, Sweden [fig. S1 of (12)]. Palynological analysis indicates an Early Jurassic (Pliensbachian) age for these deposits (11) ( fig. S2 ), which agrees with radiometric dates obtained from nearby volcanic necks (13) from which the basaltic debris originated. The fern rhizome was permineralized in vivo by calcite from hydrothermal brines (11, 14) that per- (Fig. 1) . Its complex reticulate vascular cylinder (ectophloic dictyoxylic siphonostele), parenchymatous pith and inner cortex, and thick fibrous outer cortex are characteristic features of Osmundaceae (1, 3-5, 12) (fig. S3) . Moreover, the frond bases mantling the rhizome contain a heterogeneous sclerenchyma ring that is typical of extant Osmunda sensu lato (1, 3, 4, 12) (fig. S4) . The presence of a single root per leaf trace favors affinities with (sub)genus Osmundastrum (1, 3, 6, 12) .
The specimen is preserved in exquisite subcellular detail (Fig. 1 and figs. S4 and S5 ). Parenchyma cells in the pith and cortex show preserved cell contents, including membranebound cytoplasm, cytosol granules, and possible amyloplasts ( Fig. 1 and fig. S5 ). Most cells contain interphase nuclei with conspicuous nucleoli (Fig. 1, figs. S4 and S5, and movies S1 and S2). Transverse and longitudinal sections through the apical part of the stem also reveal sporadic dividing parenchyma cells, mainly in the pith periphery (Fig. 1) . These are typically preserved in prophase or telophase stages, in which the nucleolus and nuclear envelope are more or less unresolved and the chromatin occurs in the form of diffuse, granular material or as distinct chromatid strands. A few cells contain chromosomes that are aligned at the equator of the nucleus, indicative of early metaphase, and two cells were found to contain chromosomes that appear to be attenuated toward opposite poles, representing possible anaphase stages. Some tissue portions in the stem cortex and the outer leaf bases show signs of necrosis and programmed cell death ( fig. S6) .
Such fine subcellular detail has rarely been documented in fossils (15) (16) (17) because the chances for fossilization of delicate organelles are small (16) and their features are commonly ambiguous (17) . The consistent distribution and architecture of the cellular contents in the Korsaröd fern fossil resolved via light microscopy ( Fig. 1 and  fig. S4 ), scanning electron microscopy ( fig. S5) , and synchrotron radiation x-ray tomographic microscopy (SRXTM) ( fig. S5 and movies S1 and S2) provide unequivocal evidence for threedimensionally preserved organelles.
Positive scaling relationships rooted in DNA content can be used to extrapolate relative genome sizes and ploidy levels of plants (18) (19) (20) (21) . We measured minimum and maximum diameters, perimeters, and maximum cross-sectional areas of interphase nuclei in pith and cortical parenchyma cells of the fossil and of its extant relative Osmundastrum cinnamomeum. The measurements match very closely (Fig. 2) 
